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       N.D. Mermin demonstrated that long-range order could not exist in the  
two-dimensional system. J. M. Kosterlitz and D. J. Thouless propose a new  
concept about long-range order, namely, the topological long-range order. At  
temperature lower than the critical temperature )( KTTT < , the topological  
excitation with positive topological charge and those with negative topological  
charge from a bounded pairs. These are the vortex-antivortex pairs in two-  
dimensional superconducting films. The system of bounded pairs is called the  
topological long-range order. The correlation function of order parameter decays  
algebraically. At higher temperature )( KTTT > , parts of these bounded pairs were  
broken by thermal fluctuation, the correlation function of order parameter decays 
exponentially. When the distances between the positive and negative topological 
excitations are less than the correlation length, they still form bounded pairs. However, 
when the distances between them are greater than the correlation length, they form 
individual free excitations in two-dimensional superconducting film, these 
corresponding to free vortices and free antivortices.  
 
When the temperature changes from below the critical temperature to  
above the critical temperature, the topological long-range order is destroyed.  
The system changes from a state of very few free vortices to a state of many free  
Vortices ( its density is proportional to the inverse square of the correlation  
length). This kind of transition from topological long-range order state to  
topological disorder state is called the KT phase transition. Many physical  
properties have different behavior on both sides of the critical temperature, such  
as the resistivity of superconducting film at temperature below the critical  
temperature is highly nonlinear, however, at temperature above the critical  
temperature, it is linear Ohmic-type behavior. However, the order parameter and  
its higher order derivatives are continuous at the KT phase transition. Hence, the  
KT phase transition is also called the infinite order phase transition. 
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    We have worked on the vortex dynamics and the topic of vortex-antivortex  
pair generation and nonlinear flux-flow resistivity under the influence of  
randomly distributed of weak pinning sites below the KT phase transition  
temperature for many years and recently cooperated with, the department of Physics 
of Beijing Normal University, Professor Shiping Feng on the effect of randomly 
distributed weak pinning sites and vortex deformations on the vortex-pair generation, 
and nonlinear flux-flow resistivity below the KT transition temperature.     
 
In this research project, we would like to consider the topological order-  
disorder phase transition with a random distribution of external potential. We found 
that the collective pinning renormalizes the energy and charge of the elementary 
topological excitations, hence, suppresses the topological order- disorder phase 
transition temperature, and increases the correlation length of the correlation functions 
of the order parameter. 
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